SUMMARY
Recent investigations have suggested a temporal relationship between nocturnal arterial oxygen desaturation and myocardial ischaemia in patients at risk of coronary artery disease (CAD) [1, 2] . The influence of the desaturation pattern (cyclic variations in saturation characteristic of periodically breathing and non-cyclic desaturation episodes characteristic of single hypopnoea or apnoea episodes) on the onset of myocardial ischaemia has not yet been studied. As benzodiazepines are known to aggravate nocturnal desaturation episodes [3, 4] , it might be expected that, in sedated patients, an association between desaturation episodes and myocardial ischaemia may become obvious. Therefore, the aim of this study was to examine how often patients with CAD, who are sedated with a benzodiazepine, suffer from episodes of oxygen desaturation and from myocardial ischaemia on the night before coronary bypass surgery and if there is a relationship between these two phenomena.
PATIENTS AND METHODS
We studied 30 male patients aged 46-77 yr who were scheduled for coronary bypass surgery (table I). The study was approved by the Institutional Ethics Board and the patients gave informed consent. All patients had normal myocardial function and reversible signs of ischaemia in the preoperative exercise ECG, with ST segment abnormalities mainly in the anterolateral precordial leads. Patients were excluded if they had ECG abnormalities such as left and right bundle block, left ventricular hypertrophy strain pattern or ECG changes associated with digitalis therapy. Determination of respiratory function before operation revealed no significant respiratory disease. The patients received their normal anti-angina medication up to the day of operation. On the night before operation they were sedated with clorazepate 20-30 mg. In the afternoon, a Holter ECG recorder (ELA 2448 + S2 recorder, ELA Medical, Munich, Germany; frequency re- sponse according to the recommendations of the American Heart Association for ECG recording) was attached with silver-silver chloride electrodes to monitor leads CC5 and CS5. Additionally, a pulse oximeter finger probe (Pulse Oximeter 8500, Nonin, Plymouth, USA) was attached. Arterial oxygen saturation (5p O2 ) was recorded every 6 s and stored on the Holter tape, thus facilitating exact synchronization of the ECG and pulse oximeter recording. ECG tapes were analysed using a computerized ECG analysis system. The data were reviewed independently by two investigators. An ischaemic episode was denned as a reversible horizontal or downsloping ST segment depression from baselinê 1 mm at the J point + 60 ms or as an ST elevation 2 mm at the J point with a minimal duration of 30 s. The duration, maximum ST change, heart rate 10 min before onset and heart rate at onset were determined for each ischaemic episode. Additionally, mean heart rates were determined during the day and night. For all recordings, night was denned as the period from 22:00 to 06:00.
Analyses of pulse oximetry recordings included graphic printout of the data stored on the Holter tape, exclusion of artefacts (unsatisfactory recording quality with loss of signal or saturation fluctuation > 25 % in 6 s) and visual control of 5p Oj values of all desaturation episodes. Pulse oximetry data during the night period were accepted only when the recordings showed less than 5 % artefacts.
Median Sp Oi values and the percentage of time spent with Sp O2 values less than 90 % and less than 85 % were calculated. Episodes of oxygen desaturation were defined as reversible reductions in saturation > 5 % from baseline with a decrease to less than 90 % and lasting at least 30 s. Episodes of cyclic variation in oxygen saturation were defined as multiple Sp o , fluctuations of more than 5 %, lasting at least 2 min. These episodes were subdivided into two groups: episodes with a decrease in Sp Oi < 90 % and episodes with a minimum Sp O2 ^ 90 %. The duration and maximum and minimum values of Sp Oi and heart rate were determined for each episode.
Data were checked for normal distribution using the method of Pearson and Stephens. As most data were not normally distributed, data are presented as median and range, unless otherwise indicated. The Mann-Whitney U test for unpaired data was used to compare non-parametric data. The Student's t test was used to compare the means of two groups of data which were distributed normally. Relationships between variables were analysed using chi-square analysis. P less than 0.05 was considered significant.
RESULTS
The total duration of recording was 393.7 h. During this period, 42 episodes of myocardial ischaemia with a total duration of 697 min were observed in 10 patients. The episodes lasted for a median of 12.0 (range 0.5-59.3) min. All episodes were painless. Twenty-four episodes occurred at night. Twentyfive episodes were associated with an increase in heart rate > 20 % (heart rate 10 min before ischaemia 66 (52-80) beat min" 1 , heart rate at onset of ischaemia 90 (66-107) beat min" 1 ). Mean heart rates of patients with myocardial ischaemia were significantly higher than those of patients without ischaemic episodes ( figure 1 . The cyclic variations in 5p 0l were associated with recurrent increases in heart rate ^ 20 % in 54 episodes. Maximum heart rate was 69 (53-86) beat min"
1 . This value was significantly higher than the value recorded at the onset of the ischaemic episodes.
A total of 28 hypoxaemic dips without cyclic variations in saturation to Sp 02 values less than 90 % were observed in 15 patients. The minimum 5p Oj values recorded were less than 85 % in 11 episodes. Figure 2 shows a typical record of a non-cyclic desaturation episode.
Nine of the 10 patients who developed electrocardiographic signs of myocardial ischaemia had nocturnal respiratory events. Details of nocturnal oxygen saturation in patients with and without myocardial ischaemia are presented in table II. The diurnal distribution of myocardial ischaemia and respiratory events in these 10 patients is illustrated in figure 3 . Comparing clinical characteristics and desaturation patterns in patients with and without myocardial ischaemia, there were no significant differences between the two groups, especially in the duration of desaturation < 90 % and < 85 %, the duration of cyclic and non-cyclic desaturation episodes and minimum .Sp,^ values. There were no differences in the increase in heart rate during cyclic variations in saturation between patients with and without ischaemia. No differences in the details of the desaturation episodes could be detected between patients with and without previous myocardial infarction and between patients with and without unstable angina.
Five ischaemic episodes occurred in three patients in relation to respiratory events. One ischaemic episode occurred after cyclic variations in Sp Oi without desaturation, one patient developed two ischaemic episodes after cyclic variations in >Sp O2 with desaturation (duration 6.4 and 5.8 min, minimum Sp 02 81 % and 83%, maximum heart rate 74 and 69 beat min" 1 ) and one ischaemic episode occurred after a 0.8-min dip with a decrease in Sp Oi to 87 %. The fifth episode occurred after a 3-min cyclic desaturation with a minimum Sp O2 of 83 % and a maximum increase in heart rate to 63 beat min" 1 .
DISCUSSION
As both sedated patients before operation [3, 4] and patients in the postoperative period [5] [6] [7] [8] [9] are at increased risk of nocturnal hypoxaemia, there is considerable interest in the cardiovascular effects of this phenomenon. Rosenberg and colleagues investigated the relationship between postoperative sleep apnoea and cardiac events in patients without cardiovascular diseases [6, 7] . Only a few studies have focused on the temporal relationship between nocturnal hypoxaemic episodes and myocardial ischaemia in patients with coronary artery disease (CAD). Reeder and co-workers published a case report describing the simultaneous occurrence of hypoxaemia and myocardial ischaemia in the postoperative period after aortic surgery [1] . Gill, Wright and Reilly investigated 11 patients before and after operation who were undergoing elective general or urological surgery and who had either symptomatic CAD or were at risk of CAD [2] .
In order to investigate a relatively homogeneous patient group, we studied 30 patients with angiographically diagnosed CAD, all of whom had a pathological exercise ECG with typical reversible ST segment changes, mainly in the anterolateral precordial leads. In our study no patient complained of angina pectoris, but 10 patients (33%) developed ischaemic episodes. This is in accordance with the results reported by other authors who studied patients schedules for coronary artery surgery. Knight and colleagues [10, 11] and Smith and colleagues [12] found that 12% and 42%, respectively, of their patients had episodes of myocardial ischaemia in the preoperative period. Most of these episodes were silent. Gill, Wright and Reilly ob- served preoperative ischaemic episodes in seven of 11 patients [2] . The higher incidence of myocardial ischaemia reported by Gill, Wright and Reilly might be related to differences in patient selection, monitoring times, data analysis and anti-angina medication. In our study the patients who developed ischaemic episodes had a higher baseline heart rate than patients without myocardial ischaemia. Additionally, 25 (60 %) of all ischaemic episodes were accompanied by increases in heart rate ^20%. These observations support the results of Deedwania and Nelson, who found that most ischaemia episodes in ambulatory patients with a history of stable angina were silent and that 61 % of these episodes were preceded by an increase in heart rate [13] . Knight and colleagues [10, 11] and Smith and colleagues [12] reported a lower incidence in patients scheduled for coronary bypass surgery. Only 23% and 33%, respectively, of all preoperative ischaemic episodes were accompanied by increases in heart rate > 20 %. Quyyumi and co-workers monitored patients with CAD by polysomnography and found that most nocturnal ischaemic episodes were preceded by an increase in heart rate caused by arousal from deeper sleep stages to lighter sleep stages or to awakening [14] . As these patients had been weaned off antiangina medication, the results of Quyyumi and coworkers have limited comparability with our study.
Beta blocking agents have been shown to prevent myocardial ischaemia, possibly as a result of reduction in heart rate [13, [15] [16] [17] . It may be assumed that beta block also reduces increases in heart rate as a result of nocturnal arousal responses caused by periodical breathing. It is likely that patients with CAD who surfer from sleep apnoea may be jeopardized by these episodes of tachycardia if they are not prevented with beta blocking agents.
All patients in the present study had desaturation to Sp 02 values less than 90%. In addition to monitoring the duration of nocturnal hypoxaemia and the number and duration of desaturation episodes, we also distinguished between episodes of cyclic variations in oxygenation and single hypoxaemic dips, to see if the desaturation pattern had an influence on the onset of myocardial ischaemia. It is difficult to diagnose sleep apnoea solely on the basis of desaturation patterns by pulse oximetry. The diagnosis of sleep apnoea originally denoted cessation of air flow at the mouth and nose [18, 19] , while the modern definitive diagnosis of sleep apnoea syndrome and differentiation between obstructive sleep apnoea, central sleep apnoea and a combination of these forms requires polysomnography.
Sleep apnoea, which results in cyclic changes in oxygen saturation, may cause an imbalance between myocardial oxygen demand and oxygen supply for several reasons [20] . The hypoxaemic episodes are accompanied by bradycardia and are interrupted by arousal responses with hyperventilation and increases in heart rate. In the case of obstructive sleep apnoea, recurrent upper airway occlusions result in respiratory efforts against a closed airway, creating negative intrathoracic pressure changes and thus increasing myocardial transmural pressure. It is possible that the combination of recurrent decreases in oxygen supply and increases in oxygen demand cause myocardial ischaemia in patients with CAD.
Comparison of studies on nocturnal hypoxaemia is difficult because of differences in data analysis. Reeder and colleagues investigated the incidence of nocturnal hypoxaemia in patients scheduled for vascular surgery [1] . On the night before operation, patients spent a median of 0.55 (range 0-43) % of the time with Sp Oj values less than 90 %. The patients we studied spent a longer time with Sp Oi < 90 %.
This might be a result of nocturnal sedation (it is not obvious if the patients in the study of Reeder and coworkers were sedated) or it may be explained by an association between ischaemic heart disease and sleep apnoea [21] .
In our study patients who developed myocardial ischaemia did not show differences in desaturation patterns or in the duration of hypoxaemia compared with patients without ischaemia. We observed five episodes of ischaemia which occurred in temporal relation to respiratory events. It is surprising that these events were not characterized by extremely low Sp 02 values or prolonged hypoxaemia, or more marked increases in heart rate.
In summary, despite a high incidence of hypoxaemic episodes in the preoperative period, we found no correlation with episodes of myocardial ischaemia. This result does not exclude the possibility that cardiac patients with inadequate antiangina therapy or patients with marked sleep apnoea and CAD may be jeopardized by myocardial ischaemia produced by nocturnal hypoxaemia or the haemodynamic effects of periodical breathing.
